Background: We aimed to evaluate the incidence, predictive factors, and impact of acute kidney injury (AKI) after thoracic endovascular aortic repair (TEVAR). Methods: A total of 53 patients who underwent 57 TEVAR operations between 2008 and 2015 were reviewed for the incidence of AKI as defined by the RIFLE (risk, injury, failure, loss, and end-stage kidney disease risk) consensus criteria. The estimated glomerular filtration rate was determined in the perioperative period. Comorbidities and postoperative outcomes were retrospectively reviewed. Results: Underlying aortic pathologies included 21 degenerative aortic aneurysms, 20 blunt traumatic aortic injuries, six type B aortic dissections, five type B intramural hematomas, three endoleaks and two miscellaneous diseases. The mean age of the patients was 61.2±17.5 years (range, 15 to 85 years). AKI was identified in 13 (22.8%) of 57 patients. There was an association of preoperative stroke and postoperative paraparesis and paraplegia with AKI. The average intensive care unit (ICU) stay in patients with AKI was significantly longer than in patients without AKI (5.3 vs. 12.7 days, p=0.017). The 30-day mortality rate in patients with AKI was significantly higher than patients without AKI (23.1% vs. 4.5%, p=0.038); however, AKI did not impact long-term survival. Conclusion: Preoperative stroke and postoperative paraparesis and paraplegia were identified as predictors for AKI. Patients with AKI experienced longer average ICU stays and greater 30-day mortality than those without AKI. Perioperative identification of highrisk patients, as well as nephroprotective strategies to reduce the incidence of AKI, should be considered as important aspects of a successful TEVAR procedure.
INTRODUCTION
Thoracic endovascular aortic repair (TEVAR) has emerged as an alternative to conventional open surgery for treatment of various thoracic aortic diseases such as degenerative aortic aneurysm, type B aortic dissection, and type B intramural hematoma. The suggested advantages of TEVAR include shorter operative time, reduced duration of general anesthesia, shorter hospital stay, less blood loss, and avoidance of cardiopulmonary bypass, aortic cross clamping, invasive thoracotomy, thoracoabdominal incision, and hypothermic arrest [1] [2] [3] . The incidence of acute kidney injury (AKI) after TEVAR has been reported to be 1% to 34% [4] . This relatively common complication of TEVAR is associated with prolonged hospital stays and increased risk of mortality [5] [6] [7] . Values are presented as number (%). Values are presented as number (%). Values are presented as mean±standard deviation or number (%). AKI, acute kidney injury; HTN, hypertension; SBP, systolic blood pressure; eGFR, estimated glomerular filtration rate.
giogram was performed to assess the outcome and mean BP was maintained above 90 mmHg to ensure cerebrospinal perfusion. After the procedure, patients were transferred to the intensive care unit (ICU).
2) Definitions
The baseline estimated glomerular filtration rate ( 3) Statistical analysis IBM SPSS Statistics software ver. 21.0 (IBM Co., Armonk, NY, USA) was used for statistical analysis of the data. Categorical variables were analyzed using a chi-square test and continuous variables were analyzed using a two-sample t-test.
Variables with a p-value of less than 0.1 in univariate analysis were included in a multivariate analysis. Survival analysis was performed using the Kaplan-Meier log-rank method. 
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RESULTS

1) Patient characteristics
The mean age of the patients was 61. Table 4 . Postoperative paraparesis and paraplegia developed in five patients (8.8%; three developed paraparesis and two paraplegia). Among these patients, two (40%) were in the non-AKI group. Four of them recovered completely but one patient with paraplegia only recovered partially, with paraparesis remaining.
2) Acute kidney injury predictors and incidence AKI was identified in 13 of 57 cases (overall incidence, (Table 4) .
Surprisingly, no significant difference in the volume of contrast medium used was observed between the two groups (Table 5 ). Multivariate analysis did not identify any statistically significant risk factors for the development of AKI.
3) Impact of postoperative acute kidney injury
The average ICU stay in patients without AKI was 5.3 days, which was significantly lower than the average of 12.7 days for those with AKI (p=0.017) ( Table 6 ). The average hospital stay in patients without AKI was 22 days, compared with 45.8 days in those with AKI.
The overall 30-day mortality was 8.8% (5 of 57 cases).
The 30-day mortality occurred in two of the 44 cases without AKI (4.5%) and three of the 13 cases with AKI (23.1%); this difference was statistically significant (p=0.038) (Table 6 ).
However, Kaplan-Meier analysis showed survival of 91.9%, 82.0%, and 63.3% at 1, 3, and 5 years, respectively, for patients with AKI and 87.5%, 75.0%, and 75.0% at 1, 3, and 5 years for patients without AKI; these data were not significantly different between the two groups (log-rank=0.922) (Fig. 1) . We used the RIFLE classification, a sensitive index of renal function used to predict long-term survival that was proposed by the Acute Dialysis Quality Initiative [5, 12] that is the preferred diagnostic tool for monitoring the progression and the severity of AKI after cardiothoracic surgery [13] [14] [15] [16] .
DISCUSSION
In previous studies, the incidence of AKI varies from 14% to 30.8%. In our study, AKI incidence was 22.8% and the perioperative risk factors for AKI after TEVAR were preoperative stroke and postoperative paraparesis and paraplegia.
AKI developed in half of the patients with preoperative stroke. The pathophysiology of AKI in these patients with preoperative stroke is unclear; however, stroke and renal dysfunction share vascular risk factors such as hypertension, diabetes, dyslipidemia, aging, and obesity [17, 18] . Moreover, the kidney and brain are vulnerable to arteriosclerotic injury with similar microvascular functional and anatomical aspects [17, 19] .
In our study, three of five patients with postoperative paraparesis and paraplegia developed AKI. Postoperative paraparesis or paraplegia after TEVAR is a serious complication caused by spinal cord ischemia. The rate of paraplegia ranges from 0% to 13.3% among reported case series [20, 21] . It is unsurprising that preoperative CKD is a significant risk factor in previous studies; however, in our study, preoperative eGFR ≤29 was not associated with significant risk for AKI. This may be because interventions to prevent AKI such as minimizing contrast use, stopping nephrotoxic agents, hydration, and permissive hypertension were more common in patients with low eGFR.
Postoperative transfusion has been previously associated with AKI. During transfusion of red blood cells, cellular and molecular components of allogeneic blood induce and intensify inflammatory responses, including the release of pro-inflammatory cytokines, which may cause kidney damage [12, 23] .
Contrast-induced nephropathy is a well-known iatrogenic cause of renal dysfunction. Contrast media induces vasoconstriction by inhibiting nitric oxide-mediated vasodilation and sustains vasoconstriction by altering intracellular calcium and adenosine concentrations in kidney smooth muscle cells [24] .
In our study, we used the minimum amount of contrast medium possible, and our results indicate that the volume of contrast medium used was not a significant risk factor for
